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WMO 

Seamless prediction 

WMO WWOSC 'Seamless Earth System Modelling' Book: 
http://library.wmo.int/pmb_ged/wmo_1156_en.pdf  

http://library.wmo.int/pmb_ged/wmo_1156_en.pdf




Collaboration with COST Action ES1004 EuMetChem: European 
Framework for Online Integrated Air Quality and Meteorology Modelling  

Base map: © 2004-2009 schulbilder.org 

Chair: A. Baklanov, 

Co-chairs: S. Joffre, H. Schluenzen 

 

23 COST countries 

4 COST neighbour countries 

3+2 COST partner countries 

3 EU institutions 

18 online models analysed =>  



Overview of European progress in AQF and CCMM 



100 participants from all continents 
46 oral talks, 36 posters,  
All presentations are available on:  
http://eumetchem.info/  
7 topics brain-storm teams to conclude 
WMO Report to be published 
ACP & GMD Journal CCMM Special Issue 
Outcomes provided for 17th  WMO Congress 

http://eumetchem.info/


Key scientific questions: 

• What are the advantages of integrating meteorological and 
chemical/aerosol processes in coupled models? 

• How important are the two-way feedbacks and chains of feedbacks for 
meteorology, climate, and air quality simulations? 

• What are the effects of climate/meteorology on the abundance and 
properties (chemical, microphysical, and radiative) of aerosols on 
urban/regional/global scales? 

• What is our current understanding of cloud-aerosol interactions and how 
well are radiative feedbacks represented in NWP/climate models?  

• What is the relative importance of the direct and indirect aerosol effects 
as well as of gas-aerosol interactions for different applications (e.g., for 
NWP, air quality, climate)? 

• What are the key uncertainties associated with model predictions of 
feedback effects? 

• How to realize chemical data assimilation in integrated models for 
improving NWP and air quality simulations? 

• How the simulated feedbacks can be verified with available 
observations/datasets? What are the requirements for observations from 
the three modelling communities? 



Importance and Representation of Aerosol-chemistry-
meteorology interactions for NWP, CWF and Climate models 

Baklanov  et al., ACP, 2014 
Kong et al., AQC, 2014 



EuMetChem in AQMEII online models evaluation exercise  

EuMetChem WG4 leader Dominik Brunner 

European 
domain 
 
Year 2010  

Selected case studies for aerosol feedbacks: 
1. Russian forest fires, summer 2010 
2. Sahara dust episode over Europe 
3. MEGAPOLI Paris measurement campaign 



WRF-Chem Sensitivity Runs on 2010 Russian Fire Case Study:  
Chains of aerosol direct & indirect effects on meteorology 

Kong et al, AE, 2015 

• Significant aerosol direct effects on 
meteorology (and loop back on 
chemistry). 

• Reduced downward short wave 
radiation and surface temperature, 
and also reduced PBL height. It in 
turn reduced photolysis rate for O3 

• The normalized mean biases are 
significantly reduced by 10-20% for 
PM10 when including aerosol direct 
effects. 

• Indirect effects are less pronounced 
for this case and more uncertain. 



Enviro-HIRLAM: aerosol–cloud interactions 

Frequency distribution in [mm/ 3 hour] of stratiform 
precipitation (top) and convective precipitation (down). 
Comparison of 1-moment (Reference HIRLAM) and 2-
moment (Enviro-HIRLAM with aerosol–cloud interactions) 
cloud microphysics STRACO schemes. 

Nuterman et al, 2014 

Precipitation amount (12 hrs accumulated) of reference 
HIRLAM (top) and Enviro-HIRLAM with aerosol–cloud 
interactions (down) vs. surface synoptic observations at 
WMO station 6670 at Zurich, Switzerland during July 2010.  



Case 1: Sahara Dust Episode 
WMO WGNE Aerosol Task Leader Saulo Freitas, INPE 
 

Freitas et al., 2015 



Freitas et al., 2015 



Freitas et al., 2015 



Case 2 
Extreme Pollution in Beijing 

• January 2013 

• Forecasts 
– January 7-21 2013 

– From 0 or 12 UTC 

– 10 day forecasts 

• Center of domain 
– 116E, 40N 

• Model configuration 
– Same as for NWP 

• Direct & Indirect effects 

 So far, only JMA has submitted Indirect effect experiments. 

CCMM 23-25Feb2015 Saulo Freitas, et al., 2015 



JMA – Rad shortwave at sfc (W m-2)  
Init 00UTC12JAN FCT: 03UTC14JAN  

CCMM 23-25Feb2015 

AER (DIR) –NOAER 

AER – NOAER 

AER (INDIR) –
NOAER 

DIR effect: 
-25 to 
-100 W m-2 

INDIR effect: 
-100 to  
-300 (or less) 
 W m-2 

INDIR effect 
has more 
pronounced 
effect on sfc 
rsw extinction 

Freitas et al., 2015 





MEGAPOLI Paris Measurement Campaigns 

• Surprisingly low fine PM levels 
• 70% of fine PM mass is transported into megacity from continental Europe 
• Fossil fuel combustion contributes only little to organic fine PM 
• Large fraction of carbonaceous aerosol is of secondary biogenic origin 
• Cooking and, during winter, residential woodburning are the major primary OA 
• BC concentrations are on the lower end of values encountered in megacities worldwide. 

(Beekmann et al., ACP, 2015) 

• Aim: Provide experimental data to better quantify sources of primary and secondary carbonaceous 
aerosol in a megacity and its plume. Duration: Summer – 1-31 Jul 2009, Winter – 15Jan-15Feb 2010  

• 30 research institutions from France and other European countries, MEGAPOLI Teams & Collaborators 

(Courtesy of Monica Crippa et al.; PSI Team) 











CCMMs for air quality and atmospheric composition 
Jose M. Baldasano, Véronique Bouchet, Rohit Mathur, Ana Miranda, Nicolas Moussiopoulos 

Main Challenges and Gaps 
• Urban/stable boundary layer: interactions between 

atmospheric chemistry and dynamics 

• Finer scale model applications require frequent coupling 
between the dynamical and chemical 

• Changes in stratosphere-troposphere exchange and impacts 
on “background” O3. 

• Integrating emerging satellite observations with CCMMs 

• Pollution scavenging and deposition – inclusion of aerosol-
cloud interaction  

• Need to evolve the way we compare grid based models with 
point observations 

 





New WMO GAW SAG on NRT Applications /  
Chemical Weather Prediction / Coupled Chemistry-

Meteorology Modelling 

CCMM Application Areas: 
 
• Chemical weather / air quality forecasting and reanalyzes  
• NWP for precipitation, visibility, thunderstorms, etc.  
• Sand and Dust Storm Modelling and Warning Systems  
• Wild fire atmospheric pollution and effects  
• Volcano ash forecasting, warning and effects  
• High Impact Weather and Disaster Risk  
• Data assimilation for air quality and NWP  
• Weather modification and geo-engineering  
• Effects of Short-Lived Climate Forcers  
• Earth System Modelling and Projections  

 



AREP 

GAW 

 

WMO Global Atmosphere Watch (GAW) 



AREP 

GAW 

 
Thank You ! 

       

COST ES1004 EuMetChem: http://eumetchem.info 
WMO GAW and WWRP: www.wmo.int 
GURME: http://mce2.org/wmogurme  

MEGAPOLI: http://megapoli.info 
EuMetChem AQMEII wiki-page: http://aqmeii-eu.wikidot.com/ 

AQMEII: http://aqmeii.jrc.ec.europa.eu/   
 

Contact: abaklanov@wmo.int    
 

Welcome to submit your papers to the ACP & GMD Special Issue  
‘Coupled chemistry–meteorology modelling: status and relevance for numerical 

weather prediction, air quality and climate communities’: 
http://www.atmos-chem-phys-discuss.net/special_issue241.html  
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18 UTC, 7 May 2002 30-hr forecast 

Forecast Models 

 

GALION 

Surface-based LIDAR 

NASA A-Train MODIS  CALIPSO 

& 

Geostationary Satellite IR Obs 
Global AOD Network Long-term Sites

4+ years in operation, >50% coverage, as of March 2004

Total count = 90

AERONET-LT

Other

GAW/AERONET/SKYNET   

Surface-based AOD 

WMO Supported Aerosol and Weather Prediction Research 

European PM10 


